INTRODUCTION
Wheeled mobile robot system is a typical multi-agent system and distributed artificial intelligence system, involving areas such as robotics, computer vision and pattern recognition [1] . Simultaneously, a test platform is provided by wheeled mobile robot system for the integrated application of various techniques and the theory research of artificial intelligence [2] . The function fitting is a common used method in the motion control of wheeled mobile robot, which is a necessary data fitting method for the modeling. Actually, Data fitting is essentially a typical function approximation problem. The fitting accuracy will be different owing to the differences between fitting methods, which will influence the modeling accuracy of motion control.
For the wheeled mobile robot, the least squares (LS) method has been most widely used in data fitting [3] [4] [5] . However, the LS based method is global approximation scheme, which is not suitable for irregular or nonuniform distribution cases. At the same time, the oscillation phenomenon occurs in LS method, and the oscillation increases dramatically when the order of polynomial becomes larger, which reduces the fitting accuracy, and sufficient fitting precision cannot be achieved by simple LS method.
In order to improve the fitting accuracy, The Moving Least Squares (MLS) method is used here for data fitting in the modeling of motion control for wheeled mobile robot. The MLS method combines the concept of moving window and compact support weighting functions, which can be regarded as a combination of Weighted Least Squares (WLS) and Segmented Least Square (SLS). As a local approximation method [6] [7] , The MLS method not only can acquire higher precision even with low order basis functions, but also has good stability due to its local approximation scheme.
However, the parameters set in MLS method are often chosen by simple adjustment [8] [9] , by which fitting accuracy is difficult to optimize. So in this paper, in order to get the optimal setting of weighting function parameters in MLS method, the Particle Swarm Optimization (PSO) technique is used for MLS method. The PSO technique is a population-based search algorithm based on the simulation of the bird flocking [10] [11] . As other evolutionary computation algorithms, PSO generates a new population of solutions to the problem in each iteration. As a "speedposition" searching algorithm, the position refers to the best solution, and the value of the fitness represents whether the particle is good or not. To obtain the optimal solution, the particle adjusts its speed vector value and direction following the optimal particle, by which the optimal penalty parameters are obtained.
In this paper, the PSO-MLS method is proposed for the modeling in motion control of wheeled mobile robot. The paper is structured as follows: firstly, methods and principles are explained in Section 2, containing the MLS method, PSO method and PSO-MLS method; secondly, the PSO-MLS method is applied to the modeling in motion control of wheeled mobile robot in Section 3; finally, the main conclusions of this research work are drawn in Section 4.
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ABSTRACT: The present paper describes a PSO-MLS modeling method for the motion control of wheeled mobile robot. The proposed method is based on Particle Swarm Optimization (PSO) in combination with Moving Least Squares (MLS). The PSO method is used for parameter setting in MLS method, which significantly influences the fitting accuracy. However, its use in the motion control of wheeled mobile robot has not been yet widely explored. So in this paper, the PSO-MLS method is used for the modeling of motion control of wheeled mobile robot, which is based on the local approximation method. Main advantages of this method are the PSO method used in the optimization of parameter setting and the local approximation used in MLS method. Application in the motion control of wheeled mobile robot based on PSO-MLS method is performed in this paper, and the performance of it is verified by the comparison with conventional least squares (LS) method in data fitting. Finally, the main conclusions of this study are exposed.
METHODS AND PRINCIPLES
Moving least squares (MLS)
As a data fitting method, In MLS, an arbitrary function f(x) can be approximated by
where p i (x) are basis functions, a i (x) are the coefficients, the coefficients a(
T varied with x. In order to determine the coefficients a i (x), a function is defined as
where f(x I ) are the given nodes, ω(x) are the weighting functions with compact support.
One commonly used weighting function is the Gaussian function, which is very flexible for MLS and is adopted in the following discussion. The Gaussian weighting function is
where r=|x−x I |/d mi is the relative distance, d mi is the influencing radius, and β is shape parameter.
Then, the matrix form for equation (2) can be rewritten as
Minimizing equation (4) with respect to coefficients a(x), the following expression can be obtained
Further, the coefficients a(x) and function f(x) are obtained as follows
Particle swarm optimization (PSO)
PSO technique is a "speed-position" searching algorithm, the parameters or possible set of solutions are contained in a vector x i (k), which is called a particle of the swarm and represents its position in the search space of possible solutions. The particle dimension is the number of parameters. The particle initial position x i (0) and its velocity v i (0) are chosen randomly. The value of the fitness function is then calculated for each particle and the velocities and positions are updated depending on these values. The algorithm updates the positions and the velocities of the particles as follows:
where ω is the constant inertia weight; p ibest is the local best position; g best is the global best position;c 1 and c 2 are learning factors; r and()is random number in the interval [0, 1]. The current position x i (k) and velocity v i (k) of each particle are adjusted depends on its status in previous step, the particle's local best position p ibest and the global best position g best . The particles of the swarm make up a cloud that covers the whole search space in the initial iteration and gradually contracts its size as iterations advance to perform the exploration. So in the initial stages the algorithm performs an exploration searching for plausible zones and in the last iterations the best solution is improved.
PSO-MLS
For PSO-MLS method, PSO technique is used to carry out the optimization mechanism to get the optical weighting function parameters in MLS method. The flowchart of PSO-MLS method is shown in Figure 1 . For the selection of basic function in MLS, lower order polynomials are preferred. For parameters setting in Gaussian weighting function, larger influencing radius d mi means better fitting smoothness; larger shape parameter β means the locality is enhanced while the smoothness is declined. To optimize the MLS parameters, the PSO module is used. The PSO searches for the best m, β and d mi parameters by comparing the fitness factor in every iteration. Search space is organized in three dimensions, one for each parameter. Main fitness factor is the determination coefficient R, which is defined as follows:
where y i is the dependent variable of fitting point; y if is the fitting value; n is the number of fitting points.
APPLICATION
Description of wheeled mobile robot
The robot discussed in this paper is a kind of wheeled mobile robot, of which two wheels are coaxial and independent driving. The motion planning of this mobile robot has certain representativeness. The most basic problem of motion planning is how to distribute the speed of left and right wheels of robot reasonably based on the current position, direction and speed, and then make it achieve the desired position, direction and speed quickly. The motion model of wheeled mobile robot is shown in Figure2. Generally, the kinematics model of wheeled mobile robot can be regarded as a kind of two wheel independent drive model with zero sideslip and pure rolling. The movement of the mobile robot consists of two parts: the center translation of the mobile robot and rotation around the center. The relationship between the track and wheel speed is that: when V L =V R , the radius of curvature tends to infinity, and the robot moves as a straight line; when V L =-V R , the robot spins around centered on the center of mass; when V L ≠V R , the robot performs circular motion around the instantaneous center.
Motion planning of actual system
In an actual system, speed instruction is made to left and right wheels of robot every certain time by the decision-making subsystem, and then the robot will be moving as a line after a period of time. A link can be realized between the moving line and the purpose or effect of robot movement, which is actually the motion of robot. The movement of robot is a behavior with particular target through multiple cycles of robot motion. Complex robot motion is actually a combination of several simplest and most basic motion models.
In this paper, we focus on the model of rectilinear motion to point, for which the fitting method used is discussed. The method of modeling the rectilinear motion to point model is shown in Figure 3 .
Under the condition of no collision, if the linear motion of robot is needed, the left and right wheel speed should be set to the same value, and then the robot will move to the positive direction or negative direction linearly, where there is V=V L =V R . Because the speed and duration time of the left and right wheel can be controlled, so firstly, a fixed value is assigned to the speed of robot wheel, and then after several cycles the wheel velocity is set to be zero, by which the robot will stop accurately depending on inertia to the target point. So it is guaranteed that the robot will reach the target accurately and in a relatively short period of time. 
The modeling of motion control based on PSO-MLS method
In the modeling process, the speed and motion cycle of left and right wheel of robot are given, and then the robot's movement distances under different cycles and different wheel speeds are recorded.
Using the recorded data, fitting method and fitting function are selected. In the experiment, different velocities are selected in different cases, and the corresponding relationship between distance and cycle is obtained. The experiment results of distance X and cycle T when velocity is 125m/s is shown in Figure 4 . For the data characteristic and the number limitation of fitting data, conventional data fitting method commonly used in the modeling of motion control cannot achieve enough fitting accuracy. Consequently, in order to improve the fitting accuracy and stability, PSO-MLS method is applied in the modeling of motion control for mobile robot. ] when m=1, m=2 and m=3, respectively. Gaussian function is chosen to be the weighting function in MLS method, and the search space is organized in three dimensions. The optimal parameters of MLS found with PSO and the optimal fitness factor are shown in Table 1 . Table 1 . The optimal parameters of MLS found with PSO and the optimal fitness factor in the application.
Optimal parameters Optimal fitness factor
The fitting errors of PSO-MLS method are compared with LS method to verify the performance of PSO-MLS method. For LS method, the order of polynomial is 5, and logarithmic transformation is performed before LS. For PSO-MLS method, the logarithmic transformation is performed too for the fitting data. The fitting performance is characterized by the fitting error δ between real value y i and fitting value y if It is shown from Figure5 that,for LS method, the oscillation phenomenon occurs and the approximation errors change dramatically, especially when the sample of fitting points is small and the fitting data are non-uniform distribution. The determination coefficient R of PSO-MLS method is 1.13e-5, while the determination coefficient R of LS method is 1.22e-3. So generally, better fitting results are achieved by PSO-MLS method compared with LS method. In the shape function matrix of PSO-MLS method, the locality is strong at the beginning of fitting points, but decline with the increase of cycles. At the end of the fitting points, the locality is weakened and the globality is enhanced, where the fitting results are similar to that of LS method and the oscillation is increased. It is concluded that compared to conventional fitting methods, the proposed PSO-MLS method can achieve much better fitting results in the modeling of motion control of mobile robot.
CONCLUSIONS
The PSO-MLS method was proposed for modeling in this paper. The performance of PSO-MLS method was demonstrated by application in the motion control of mobile robot. The main findings of this research work can be summarized as follows:
Firstly, the PSO-MLS method is applied to data fitting in the modeling of motion control of mobile robot, and the fitting performance is confirmed by experiment data.
Secondly, Compared to other fitting method, better fitting results are achieved by PSO-MLS method. The PSO-MLS method can acquire higher precision even with low order basis functions, which is stable because of its local approximation scheme.
Thirdly, PSO technique is used to optimize the parameters corresponding to the best fitting results in MLS method, which is used to lower costs in data fitting. In summary, the PSO-MLS method is a promising method for data fitting, which can be applied to other applications as a superior methodology.
